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(54) Method and apparatus for analysing a sample 



(57) The present invention relates to a method and 
an apparatus for analysing a sample, wherein said sam- 
ple is passed in vapour or gas form, with the aid of a 
reduced pressure or a capillary, via a feed line to a re- 



action or measurement chamber, wherein the flow of 
said sample through said feed line is controlled with the 
aid of an expansion facility such that essentially no sam- 
ple is lost and that an essentially constant feed of vapour 
or gas takes place. 
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Description 

[0001] The present invention relates to a method for 
analysing a sample, wherein the sample is passed in 
vapour or gas form, with the aid of a reduced pressure 
or a capillary, via a feed line to a reaction or measure- 
ment chamber. 

[0002] In the prior art it is known to analyse the com- 
position of samples with the aid of apparatus or a meth- 
od with which the sample is passed in vapour or gas 
form, with the aid of a reduced pressure or a capillary, 
to a reaction or measurement chamber In said reaction 
or measurement chamber, for example, the presence of 
one or more elements in the sample is determined. 
[0003] In order to be able to analyse liquid and solid 
samples with the aid of such a method, said samples 
are usually vaporised and/or combusted. 
[0004] The above method can, for example, be used 
to determine the nitrogen content in samples. In such a 
case the nitrogen oxide (NO) is brought into the excited 
state in the reaction or measurement chamber with the 
aid of ozone. The light emitted on decay of said excited 
nitrogen oxide is measured using a photomultiplier tube 
(PMT). 

NO + 0 3 -> N0 2 +0 2 

N0 2 -> N0 2 +hv 

[0005] If this measurement method is to function well, 
the nitrogen present must as far as possible be convert- 
ed into the highly stable NO before the sample is fed to 
the reaction or measurement chamber. In order to 
achieve this, the sample in vapour or gas form is usually 
fed through a furnace in which oxygen is supplied to the 
sample and in which the sample is passed over a plati- 
num catalyst. 

[0006] The method described is used, inter alia, to de- 
termine the nitrogen content in drinking water, ground- 
water, effluent, sludge, sediments and numerous hydro- 
carbons and other biological and chemical products. 
Usually the nitrogen content of a relatively small sample, 
having a typical volume of approximately 50 u.l or ap- 
proximately 50 mg in weight, is determined. It is there- 
fore extremely important that analysis of the sample is 
carried out with the greatest possible accuracy 
[0007] A first significant disadvantage of the method 
according to the prior art is that, especially when ana- 
lysing hydrocarbons, the feed rate of the sample is, inter 
alia, dependent on the expansion of the sample in the 
combustion furnace. Especially when analysing hydro- 
carbons, this expansion will be so great that it is not the 
reduced pressure intended for the feed, or the capillary 
intended for the feed, which determines the feed rate to 
the reaction or measurement chamber, but that the ex- 
pansion itself is responsible for the feed rate of the sam- 



2 

pie to the reaction or measurement chamber. As a con- 
sequence of this uncontrolled feed rate of the sample to 
the reaction or measurement chamber, the analysis car- 
ried out using the method according to the prior art is 

5 relatively inaccurate. 

[0008] A first aim of the present invention is therefore 
to provide a method for analysing a sample, wherein the 
sample in vapour or gas form is passed, with the aid of 
a reduced pressure or a capillary, via a feed line to a 

10 reaction or measurement chamber, with which said dis- 
advantage according to the prior art will not arise. 
[0009] In'the present invention said aim is achieved 
in that the flow of the sample through the feed line is 
controlled with the aid of an expansion facility such that 

75 essentially no sample is lost and in that an essentially 
constant feed of vapour or gas takes place. 
[0010] With this procedure it is advantageous that the 
flow rate of the sample through the feed line is 100 to 
3000 ml/min, preferably 400 to 1500 ml/min and partic- 

20 ularly advantageously ± 800 ml/min. Furthermore, with 
this procedure approximately 400 ml/min of ambient air 
or inert gas is drawn in, so that total flow to the reaction 
or measurement chamber is, for example, 1 200 ml/min. 
[0011] The effect of these measures is that, irrespec- 

25 tive of the expansion of the sample in the combustion 
furnace or the feed lines, the feed rate of the sample to 
the reaction or measurement chamber is virtually con- 
stant, whilst no sample is lost when feeding the sample 
to the reaction or measurement chamber. This means 

30 that the actual determination of the presence of compo- 
nents in the sample, in the reaction or measurement 
chamber, can take place with a much greater accuracy. 
[001 2] A second significant disadvantage of the meth- 
od according to the prior art is that the flow rate through 

35 the combustion furnace, and thus through the catalyst, 
is also partly dependent on the expansion of the sample 
in said combustion furnace. When, for example, the ni- 
trogen content is determined with the aid of the method 
according to the prior art, the expansion in the combus- 

40 tion furnace can, especially in the case of hydrocarbons, 
be so great that the reaction process for the conversion 
of nitrogen to NO does not goto completion. Especially 
in the case of hydrocarbons, alkenes (olefins) can be 
formed if the combustion does not go to completion. 

45 These alkenes also react with the ozone in the reaction 
or measurement chamber. The light emitted during this 
reaction is in the same wavelength region as the light 
which is measured on decay of excited nitrogen oxide. 
Consequently, the presence of alkenes in the reaction 

50 or measurement chamber interferes with the determina- 
tion of nitrogen oxide present. If the analytical apparatus 
according to the present invention is to function properly 
it is therefore necessary that all hydrocarbons present 
are completely combusted. 

55 [001 3] A second aim of the present invention is, there- 
fore, to provide a method with which heating of the sam- 
ple in the combustion furnace, the supply of oxygen to 
said sample in said combustion furnace and passing 
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said sample through the catalyst are carried out in such 
a way that the abovementioned problems according to 
the prior art will not arise. 

[0014] In the present invention said aim is achieved 
in that said method comprises: 5 

a) it required, vaporising the sample in a chamber at 
a high temperature in a stream of inert gas, 

b) supplying oxygen to the gas stream tormed in 
step a), 10 

c) passing the gas stream from step b) over a cata- 
lyst, 

d) passing the gas stream, after leaving the catalyst, 
into a chamber in the direction of the wall of said 
chamber, a second stream of oxygen being sup- is 
plied to the gas stream, the direction of flow of said 
second stream of oxygen being counter to the out- 
flow direction from the catalyst, and 

e) discharging the gas stream to analytical appara- 
tus located further downstream, wherein, on dis- 20 
charge of the gas stream, a third stream of oxygen 

is introduced into the gas stream, the direction of 
flow of said third stream of oxygen being essentially 
counter to the discharge direction of the gas stream. 

25 

[001 5] With this method it is advantageous that steps 
a), b), c) and d) are carried out at a temperature of at 
least 850 °C and step e) is carried out at a temperature 
of at least 1000 °C. 

[001 6] The effect of these measures is that the expan- 30 
sion of the sample, as a result of the controlled supply 
of the oxygen and the inert gas to the sample before the 
sample is passed through the catalyst, is relatively re- 
stricted. Moreover, in the method according to the 
present invention the sample is fed towards the relative- 35 
ly hot wall of the chamber downstream of the catalyst. 
The reaction processes will be further intensified as a 
result. By, moreover, introducing a third stream of oxy- 
gen into the gas stream, the reaction processes will be 
further assisted by the turbulence resulting from this. 40 
[001 7] The present invention further relates to an ap- 
paratus for analysing a sample, comprising a reaction 
or measurement chamber and a feed line, for the sam- 
ple, which is connected to said reaction or measurement 
chamber, wherein said apparatus is provided with a cap- 45 
illary and/or means providing a reduced pressure, with 
the aid of which said gaseous sample is passed towards 
said reaction or measurement chamber. 
[001 8] The apparatus according to the present inven- 
tion is characterised in that said feed line is connected so 
to an expansion facility in which essentially atmospheric 
pressure prevails. 

[001 9] The apparatus according to the present inven- 
tion is in particular suitable for carrying out the above- 
mentioned method according to the present invention, ss 
[0020] Research carried out by the Applicant has 
shown that numerous known technical solutions are not 
usable in the apparatus according to the present inven- 



tion. Because, certainly in the case of hydrocarbons, the 
expansion of the sample in the combustion furnace pro- 
ceeds very rapidly and very violently, it is, for example, 
not possible to provide the feed line to the reaction or 
measurement chamber with an expansion vessel hav- 
ing, for example, a piston therein. This is because it is 
not possible, with the aid of such apparatus, to respond 
quickly enough to changes in pressure in the feed line 
and to keep the flow rate in the feed line constant. The 
said research showed, surprisingly, that an expansion 
facility in which essentially atmospheric pressure pre- 
vails can, however, be used to keep the flow rate through 
the feed line constant. 

[0021] The apparatus according to the present inven- 
tion is further improved in that said expansion facility is 
in open communication with the environment, or with a 
source of essentially unpressurised gas. 
[0022] The effect of this measure is that, as a result, 
adequate control of the feed rate to the reaction or 
measurement chamber is achieved. Moreover, re- 
search has shown that, despite the open communica- 
tion which the expansion facility has with the environ- 
ment, no sample flowed out of the expansion facility and 
was lost during analysis. 

[0023] In one possible embodiment, the expansion fa- 
cility of the apparatus according to the present invention 
is formed by one or more hoses or tubes, the one end 
of which is connected to said feed line and the other end 
of which is in open communication with the environment 
or with a source of essentially unpressurised inert gas. 
[0024] With this arrangement it is advantageous that 
said expansion facility is in communication with the en- 
vironment via a syphon. The effect of this measure is 
that an expansion facility can be formed in a very simple 
manner. By, furthermore, making said hoses or tubes 
flexible, said hoses or tubes can simply be draped in the 
apparatus according to the present invention. 
[0025] In order to ensure adequate reaction process- 
es in the combustion furnace, the present invention also 
provides an apparatus which comprises: 

a first furnace zone, wherein said furnace zone 
comprises 

- a first combustion chamber, provided at the first end 
thereof with an opening for the introduction or sup- 
ply of a sample, wherein said combustion chamber 
is provided close to said first end with a connection 
for a line for supplying an inert gas to said combus- 
tion chamber, and wherein the second end of said 
combustion chamber forms an outflow opening, 
which is connected to the inflow opening of a cata- 
lyst chamber, wherein said first combustion cham- 
ber is provided close to said second end thereof 
with a connection for a line for supplying oxygen to 
said combustion chamber, 
an essentially cylindrical catalyst chamber, which is 
connected, by the first end thereof, to the outflow 
opening of said first combustion chamber, and the 
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second end of which forms an outflow opening 
which is connected to a second combustion cham- 
ber, wherein said second combustion chamber is 
provided, close to the first end thereof, with a con- 
nection for a line for the supply of oxygen and the 
second end of said combustion chamber forms an 
outflow opening, 

a second furnace zone, wherein said second fur- 
nace zone comprises 

a third combustion chamber provided, at the first 
end Jhereof, with an inflow opening which is con- 
nected to the outflow opening from the second com- 
bustion chamber of the first furnace zone and the 
second end of which forms an outflow opening. 

[0026] With this arrangement, the apparatus accord- 
ing to the present invention is characterised in that the 
outflow opening from the catalyst chamber communi- 
cates with the aid of one or more channels with the sec- 
ond combustion chamber, wherein the channels are po- 
sitioned such that the direction of flow through the chan- 
nels is counter to the direction of flow through the cata- 
lyst chamber and wherein the channel or channels open 
into an outflow opening which is shaped such that a gas 
stream is forced through the outflow opening in the di- 
rection of the wall of the second combustion chamber. 
[0027] The advantage of the said apparatus accord- 
ing to the present invention is that the flow in the cham- 
ber downstream of the catalyst is highly turbulent. More- 
over, on leaving the catalyst, the sample is forced in the 
direction of the relatively hot wall of said chamber. As a 
result of these two effects, the reaction processes are 
intensified. 

[0028] The apparatus according to the present inven- 
tion is further improved in that the third combustion 
chamber is provided close to the outflow opening there- 
of with a connection for a line for supplying oxygen, 
wherein said connection is shaped such that said 
stream of oxygen is directed from the outflow opening 
of the combustion chamber towards the opposite end 
thereof. 

[0029] The effect of this measure is that, as a result 
of the supply of the stream of oxygen, the turbulence in 
the gas stream is further increased. The reaction proc- 
esses will be further intensified as a result. 
[0030] In an advantageous embodiment, the outflow 
opening from the second combustion chamber is con- 
nected to an essentially spiral-shaped channel, wherein 
the outflow opening thereof is connected to an input 
channel, the one end of which is connected to the line 
for supplying oxygen in the third combustion chamber, 
and the other end opens into the third combustion cham- 
ber. 

[0031] The effect of this measure is that there is very 
good mixing of the sample that is fed from the second 
combustion chamber to the third combustion chamber 
and the oxygen that is supplied to the latter combustion 
chamber. 



[0032] The present invention will be described below 
on the basis of a non-limiting illustrative embodiment, 
with reference to the appended drawings, in which: 
[0033] Figure 1 shows a cross-section of the combus- 
5 tion furnace for the sample according to the present in- 
vention. 

[0034] Figure 2 shows, diagrammatically, an analyti- 
cal apparatus in which the combustion furnace and the 
expansion facility according to figure 1 are shown. 
10 [0035] Figure 3 shows, diagrammatically, a preferred 
embodiment of an expansion facility according to the 
present invention. 

[0036] The combustion furnace 1 according to a pre- 
ferred embodiment of the present invention is shown in 

is Figure 1. The combustion furnace 1 comprises a zone 
A (on the right in the drawing) and a zone B, which zones 
are separated from one another by means of a partition 
50. Furnace zone A has an opening 2, which, during 
use, is connected to a system for the introduction of a 

20 sample into the first combustion chamber 3. The sample 
can, for example, be introduced with the aid of a needle 
or boat (not shown) which is connected to an autosam- 
pler. 

[0037] The temperature prevailing in the furnace zone 
25 a differs from that in the furnace zone B. The tempera- 
ture in zone A is ± 850 °C. The temperature in zone B 
is±1000°C. 

[0038] As can be seen in Figure 1 , the first combustion 
chamber 3 is located in furnace zone A. An inert gas, 

30 for example argon, is introduced into the first combus- 
tion chamber 3 from the feed line 4. The argon stream 
so introduced will move through the first combustion 
chamber 3 in the direction of the catalyst 15. Under the 
influence of the high temperature of 850 °C and the ar- 

35 gon stream, solid or liquid sample in the first combustion 
chamber 3 can vaporise. With the aid of the oxygen line 
5, oxygen is blown into the gas stream formed in the first 
combustion chamber 3 just upstream of the catalyst 1 5. 
As a result, the sample is able to combust. The gas 

40 stream then moves through the catalyst 1 5 in the direc- 
tion of the outflow channels 6. The catalyst 15 is made, 
for example, of platinum on, for example, aluminium ox- 
ide. After leaving the catalyst 15, the gas stream moves 
through the outflow opening 6 in the direction of the sec- 

45 ond combustion chamber 7. With this arrangement the 
outflow openings 1 6 of the channels 6 are shaped such 
that the gas stream flows out in the direction of the wall 
8 of the second combustion chamber 7. Because the 
wall 8 is extra hot, the reaction processes in the gas 

so stream are intensified as a result. Two outflow openings 
6 are shown in Figure 1 . It is also possible to use three, 
four or more outflow openings 6. Oxygen is fed from a 
second oxygen feed line 10 to the second combustion 
chamber 7. The oxygen will mix with the gas stream from 

55 the channels 6 and flow together with the latter in the 
direction of the opening 51 in the partition 50. A spiral- 
shaped channel 52, which opens into an oxygen line 1 1 , 
is connected to the opening 51. Additional oxygen is 
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supplied to the gas stream via the line 11 . Good mixing 
between the gas stream and the additional oxygen sup- 
plied is achieved by this means. The gas stream leaves 
the line 52 via the outflow opening 53 and flows through 
the third combustion chamber 1 3 in the direction of the s 
discharge channel 9. 

[0039] An analytical apparatus according to the 
present invention can be seen in Figure 2. It can be seen 
from Figure 2 that the discharge line 9 from the combus- 
tion furnace 1 is connected to a line 20, which is provided 
on the outside with a second line 21 . The line 20 is pref- 
erably made of perma-pure. Perma-pure is a copolymer 
which has sulphuric acid groups at the end. The property 
of this material is that the water from the gas stream 
flowing through the line 20 is able to discharge through 
the tube wall. The gas stream is thus "dried 0 by said per- 
ma-pure line. In order to achieve this effect, a dry gas 
must flow in counter-current over the outside of the per- 
ma-pure line. In this context it is important that said 
counter-current is at most approximately equal in mag- 
nitude to the gas stream flowing through the perma-pure 
line itself. In drawing 2 this counter-current line is indi- 
cated by line 21. Furthermore, a heating device 38 is 
fitted on the outside of line 21 in order to be able to sup- 
ply heat from the outside to the counter-current line 21 
and the perma-pure line 20. After leaving the line 20, the 
gas stream flows through the line 22, which is provided 
with an expansion facility 25 according to the present 
invention. The expansion facility consists of a number 
of channels, for example hoses, which at the one end 
are connected to the line 22 and at the other end are in 
open communication with the environment or a source 
of inert gas which is virtually unpressurised, that is to 
say the inert gas is under virtually atmospheric pressure. 
Normally the apparatus according to the present inven- 
tion will be used in an area in which atmospheric pres- 
sure prevails. This means that atmospheric pressure al- 
so prevails in the expansion facility 25. However, if the 
apparatus according to the present invention is used in 
an area in which there is sub-atmospheric pressure, a 
corresponding sub-atmospheric pressure will prevail in 
the expansion facility. After leaving the line 22, the gas 
stream will flow through a glass fibre filter 27. A capillary 
28 is fitted on the downstream side of the glass fibre 
filter. 

[0040] Furthermore, a vacuum pump 39 is fitted in the 
apparatus. The size of the capillary 28 is chosen such 
that, in combination with the vacuum pump 39, under a 
given vacuum a constant flow is supplied to the reaction 
or measurement chamber 30. In use, the combination 
of the capillary 28 and the vacuum pump 39 will be cho- 
sen such that, in addition to the flow of the sample 
through the line 22, a certain amount of ambient air or 
inert gas is also drawn continuously through the chan- 
nels 26 of the expansion facility 25. In this context it is 
possible, for example, to choose a flow of 1200 ml per 
minute to the reaction or measurement chamber 30, 
said flow being made up of 800 ml per minute sample 



and 400 ml per minute ambient air or inert gas. 
[0041] After leaving the filter 27, the sample will flow 
into the reaction or measurement chamber 30. Line 31 , 
which is connected to ozonator 32, is also connected to 
the reaction or measurement chamber 30. Oxygen is 
converted to ozone in said ozonator. The gas present in 
the reaction or measurement chamber 30 is brought into 
the excited state with the aid of the ozone. The light emit- 
ted is then measured via the optical filter 35 using a pho- 
tomultiplier tube (PMT) 40. The measured values are 
then displayed with the aid of display means, for exam- 
ple a PC 36. 

[0042] After leaving the reaction or measurement 
chamber 30, the gas flows via the pump 39, with the aid 
of the line 37, back in the direction of the furnace 1 . At 
this stage the gas can be fed to the line 14, which is 
positioned directly adjacent to the furnace 1 . Since the 
temperature in the line 14 is relatively high, the harmful 
elements in the gas stream in the line 14 will be convert- 
ed under the influence of said high temperature into non- 
harmful residual products. 

[0043] After leaving the line 37, the gas stream can, 
however, also be fed to the counter-current line 21, 
which runs over the outside of the perma-pure line 20. 
An advantage of this measure is that the off-gas is uti- 
lised in this way and dry gas, which has to be specially 
supplied in order to be fed through the line 21, can be 
saved. Since, however, the counter-flow through the line 
21 may not be higher than the flow through the line 20, 
not all of the gas that comes from the line 37 will be able 
to be discharged through the line 21 in the direction of, 
for example, the line 14. After leaving the line 21, the 
gas stream can be discharged to processing means, or 
can be supplied to the line 1 4, in which, as has already 
been pointed out, the harmful products can be convert- 
ed into non-harmful residual products. 
[0044] If it is not desired to feed gas issuing from the 
reaction or measurement chamber 30 through the line 
21, dry gas can be supplied from a reservoir to the line 
21. 

[0045] Advantages of the apparatus according to the 
present invention which is shown in Figure 2 are two- 
fold. Firstly, the conversion of the sample in the com- 
bustion furnace 1 according to the present invention is 
better controlled and more complete, as a result of the 
effects mentioned in the description of Figure 1 . The risk 
of alkenes in the reaction or measurement chamber 30 
which interfere with the determination of the nitrogen ox- 
ide present is thus restricted to a minimum. 
[0046] The expansion facility 25 according to the 
present invention functions as follows. In normal oper- 
ation, the feed rate of the gas stream to the reaction or 
measurement chamber 30 will be determined by the 
capillary 28 and the vacuum pump 39. If there is sub- 
stantial expansion of the sample, the pressure in the 
feed line 22 will rise. As a result there is the risk that no 
longer only the capillary 28 and the vacuum pump 39, 
but also the pressure in the line 20 will be determining 
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factors for the feed flow rate to the reaction or measure- 
ment chamber 30. However, as a result of the presence 
of the expansion facility 25, for example formed by the 
line 26, the gas stream will be able to flow unpressurised 
in the lines 26. The flow rate through the capillary 28 is 
consequently not disturbed. If the pressure in the line 
22 subsequently falls, the sample flowing in the lines 26 
will also be fed to the reaction or measurement chamber 
30 with the aid of the capillary 28. Since no sample is 
lost if the expansion facility 25 is correctly sized, the flow 
rate to the reaction or measurement chamber 30 will not 
only be constant but, furthermore, all of the sample in- 
troduced into the apparatus will pass into the reaction 
or measurement chamber 30. As a result of these ef- 
fects, a very accurate measurement in said reaction or 
measurement chamber 30 is possible. 
[0047] Finally, a possible embodiment of the expan- 
sion facility 25 according to the present invention is 
shown in Figure 3. Figure 3 shows the line 22 through 
which the sample flows from the perma-pure line in the 
direction of the reaction or measurement chamber. In 
the case shown, three channels 26 are fitted to said line 
22, which channels 26 merge at the other end thereof 
into the line 41 . The one end of the line 41 is connected 
to a source of inert gas 42. The other end of the line 41 
is connected to a syphon-like construction 43 in which 
a U-shaped tube 44 is positioned, the end of said U- 
shaped tube being completely or partially surrounded 
by a fluid, for example water 45. The syphon-like con- 
struction 43 also has an outflow end 46, which is in open 
communication with the ambient air. The device shown 
in Figure 3 functions as follows: 
[0048] If too high a pressure temporarily prevails in 
the line 22, the sample supplied through the line 22 will 
flow through the channels 26 in the direction of the line 
41 . This will cause the gas present in the lines 26 to be 
propelled in the direction of the syphon; like element 43 
and said gas will be able to flow out via the outflow open- 
ing 46. The flow through the line 22 itself will conse- 
quently not be seriously disrupted even in the event of 
a temporarily higher pressure. 
[0049] During normal use, sample can be supplied at, 
for example, a rate of 800 ml per minute. Ambient air is 
also supplied through the channels 26 and flows through 
the syphon-like element and the line 41 in the direction 
of the channels 26. When the source of inert gas is open, 
inert gas can also be drawn through the channels 26 in 
the direction of the line 22. For example, 400 ml per 
minute are drawn in through the line 41 and the channels 
26. The total flow of sample plus added outside air or 
inert gas is 1200 ml per minute in the given case. 
[0050] It must be understood that the illustrative em- 
bodiment to which reference is made in Figures 1 , 2 and 
3 serves for illustration only. The invention is not restrict- 
ed to the example given here, but relates to methods 
and apparatus according to the appended claims. 



Claims 

1 . Method for analysing a sample, wherein the sample 
is passed in vapour or gas form, with the aid of a 

5 reduced pressure or a capillary (28), via a feed line 
(22) to a reaction or measurement chamber (30), 
characterised in that the flow of the sample through 
said feed line (22) is controlled with the aid of an 
expansion facility (25) such that essentially no sam- 

10 pie is lost and in that an essentially constant feed 
of vapour or gas takes place. 

2. Method according to Claim 1 , characterised in that 
the flow rate of the sample through the feed line (22) 

15 is 100 to 3000 ml/min, preferably 400 to 1500 ml/ 
min and particularly advantageously ± 750-850 ml/ 

min. 

3. Method for analysing a sample according to Claim 
20 1 or 2, characterised in that the following steps are 

carried out: 

a) if required, vaporising the sample in a cham- 
ber (3) at a high temperature in a stream of inert 

25 gas, 

b) supplying oxygen to the gas stream formed 
in step a), 

c) passing the gas stream from step b) over a 
catalyst (15), 

30 d) passing the gas stream, after leaving the cat- 

alyst (15), into a chamber (7) in the direction of 
the wall (8) of said chamber (7), a second 
stream of oxygen being supplied to the gas 
stream, the direction of flow of said second 

35 stream of oxygen being counter to the outflow 

direction from the catalyst (15), and 
e) discharging the gas stream to analytical ap- 
paratus (30, 35, 40) located further down- 
stream, wherein, on discharge of the gas 

40 stream, a third stream of oxygen is introduced 

into the gas stream, the direction of flow of said 
third stream of oxygen being essentially coun- 
ter to the discharge direction of the gas stream. 

45 4. Method according to Claim 3, characterised in that 
steps a), b), c) and d) are carried out at a tempera- 
ture of at least 850°C and step e) is carried out at 
a temperature of at least 1000 °C. 

50 5. Apparatus for analysing a sample, comprising a re- 
action or measurement chamber (30) and a feed 
line (22), for the sample, which is connected to said 
reaction or measurement chamber (30), wherein 
said apparatus is provided with a capillary (28) and/ 

55 or means for providing a reduced pressure, with the 
aid of which said gaseous sample is passed to- 
wards said reaction or measurement chamber (30), 
characterised in that said feed line (22) is connected 
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to an expansion facility (25) in which essentially at- 
mospheric pressure prevails. 

6. Apparatus according to Claim 5, characterised in 
that said expansion facility (25) is in open commu- 5 
nication with the environment, or with a source (42) 

of essentially unpressurised gas. 

7. Apparatus according to Claim 5 or 6, characterised 

in that said expansion facility (25) is formed by one 10 
or more hoses or tubes (26), the one end of which 
is connected to said feed line (22) and the other end 
of which is in open communication with the environ- 
ment or with a source (42) of essentially unpressu- 
rised inert gas. 15 

8. Apparatus according to Claim 7, characterised in 
that said expansion facility (25) is in communication 
with the environment via a syphon (43). 

20 

9. Apparatus according to Claim 5, 6, 7 or 8, wherein 
said apparatus comprises: 



ised in that 

the outflow opening from the catalyst chamber 
(15) communicates with the aid of one or more 
channels (6) with the second combustion 
chamber (7), wherein the channels (6) are po- 
sitioned such that the direction of flow through 
the channels (6) is counter to the direction of 
flow through the catalyst chamber (15) and 
wherein the channel or channels (6) open into 
an outflow opening (16) which is shaped such 
that a gas stream is forced through the outflow 
opening (16) in the direction of the wall (8) of 
the second combustion chamber (7). 

10. Apparatus according to one of Claims 5 - 9, char- 
acterised in that the third combustion chamber (13) 
is provided close to the outflow opening (9) thereof 
with a connection for a line (11) for supplying oxy- 
gen, wherein said connection is shaped such that 
said stream of oxygen is directed from the outflow 
opening (9) of the third combustion chamber (1 3) 
towards the opposite end thereof. 



- a first furnace zone (A), wherein said furnace 
zone (A) comprises 25 
a first combustion chamber (3), provided at the 
first end thereof with an opening (2) for the in- 
troduction or supply of a sample, wherein said 
combustion chamber is provided close to said 
first end with a connection for a line (4) for sup- 30 
plying an inert gas to said combustion chamber 

(3), and wherein the second end of said com- 
bustion chamber (3) forms an outflow opening, 
which is connected to the inflow opening of a 
catalyst chamber (15), wherein said first com- 35 
bustion chamber is provided close to said sec- 
ond end thereof with a connection for a line (5) 
for supplying oxygen to said combustion cham- 
ber (3), 

- an essentially cylindrical catalyst chamber (15), *o 
which is connected, by the first end thereof, to 
the outflow opening of said first combustion 
chamber (3), and the second end of which 
forms an outflow opening which is connected 

to a second combustion chamber (7), wherein *s 
said second combustion chamber (7) is provid- 
ed, close to the first end thereof, with a connec- 
tion for a line (10) for the supply of oxygen and 
the second end of said combustion chamber (7) 
forms an outflow opening (51 ), so 
a second furnace zone (B), wherein said sec- 
ond furnace zone (B) comprises 

- a third combustion chamber (13) provided, at 
the first end thereof, with an inflow opening (51) 
which is connected to the outflow opening (51 ) 55 
from the second combustion chamber (7) of the 
first furnace zone (A) and the second end of 
which forms an outflow opening (9), character- 



11. Apparatus according to one of Claims 5-10, char- 
acterised in that the outflow opening (51 ) from the 
second combustion chamber (7) is connected to an f 
essentially spiral-shaped channel (52), wherein the 
outflow opening thereof is connected to an input 
channel, the one end of which is connected to the 
line (11) for supplying oxygen in the third combus-, 
tion chamber (13), and the other end thereof is in 
open communication with the third combustion 
chamber (13). 
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